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INTRODUCTION
Florida produces about 80 percent of the Nation's supply of phosphate and 30 percent of the world's supply (Stowasser, 1986) . Approximately 15 percent of the identified reserves lie beneath wetlands (J.W. Sweeney, U.S. Bureau of Mines, oral commun., 1983) . In 1982, the U.S. Bureau of Mines and the U.S. Fish and Wildlife Service established memorandums of agreement with the Florida Institute of Phosphate Research to design and test reclamation strategies and to evaluate the success of reestablishment of disrupted wetlands. Critical factors in wetland ecosystem plant establishment and succession are depth of water, duration of surface inundation, and soil conditions within the range of tolerance for the desired vegetation types.
In 1982, the U.S. Geological Survey began a cooperative study with the Florida Institute of Phosphate Research to study the environmental aspects of mining and reclamation. The purpose of the study was to define the premining and postmining hydrology (water level and water quality), soil, and vegetative regimes of a proposed rockphosphate wetlands demonstration area, to relate postmining hydrologic conditions to the initial success or failure of revegetation efforts, and to provide baseline information for evaluating long-term wetlands revegetation.
Two Mining commenced in October 1983 at the Big Four test site; however, there were numerous delays in the permitting process for reclamation. A permit was granted for restoration of the wetlands area only, and regrading of the wetlands part of the test basin started in May 1985. Planting of the wetlands vegetation was completed in January 1987. Regrading and vegetation planting of the remainder of the drainage basin ceased when mining operations were shut down in 1985.
Purpose and Scope
This report presents a summary of the hydrologic, geologic, water-quality, soils, and biologic data that were collected between July 1982 and September 1986 at the test and control sites in southeast Hillsborough County, Fla. The test basin at the Big Four mine had a premining drainage area of about 100 acres, of which 26 acres were classified as wetlands. All but 10 acres of wetlands were mined in 1985. The control basin at the Lonesome mine has a drainage area of approximately 170 acres, including a wetlands area of about 10 acres. The control basin was not mined and generally remained unaffected by man's activities during the study period.
Because only 16 percent of the test basin had been reclaimed at the end of the study , evaluation of the effects of mining and reclamation was postponed. This report is limited to presenting the data collected. 
Physical Setting
by siliclastic sediments that contribute to stream-channel development instead of the karst development that is typical in Pasco and Polk Counties to the north and east.
The test basin at the Big Four mine is tributary to Lake The study area is in the Polk Upland of the Central Branch, which is tributary to the South Prong of the AJafia Highlands as defined by White (1970, p. 132 Ryder, 1985, in the area consist of the Surficial aquifer system, intermediate aquifer system, and the Floridan aquifer system (Southeastern Geological Society, 1986) . The surficial aquifer system consists of predominantly fine sand with interbedded clay, marl, shell, and limestone that are laterally discontinuous. The surficial aquifer system ranges in thickness from 20 to 40 feet in the study area. The surficial aquifer is used for lawn irrigation and stock watering. Small-diameter wells may yield up to 25 gal/min.
The intermediate aquifer system in the study area consists of an upper confining bed, the lower Hawthornupper Tampa aquifer (Wolansky, 1983) , and a lower confining bed. The confining units consist of clayey sand, silt, clay, and marl. The lower Hawthorn-upper Tampa aquifer consists of layers of limestone, dolomite, and sand, interbedded with clay and marl. The intermediate aquifer system is about 200 feet thick in the study area, according to Corral and Wolansky (1984) , and is used for domestic supply and irrigation. Well yields range from 10 to 200 gal/min.
The Floridan aquifer system has a total thickness of about 3,200 feet in the study area and includes three units: the Upper Floridan aquifer, the middle confining unit, and the Lower Floridan aquifer (Miller, 1986) . The Upper Floridan aquifer is defined as a continuous sequence of carbonate rocks of Tertiary age that are hydraulically connected and generally have high permeability. In the study area, the Upper Floridan aquifer is about 1,200 feet thick and is the principal source of freshwater for irrigation and industrial (mining) use. Frequently, large-diameter supply wells are cased only to the first limestone (50-100 feet) and are open to pump water from both the intermediate aquifer system and the Upper Floridan aquifer. Wells may yield 2,000 gal/min. The middle confining unit consists of carbonate rocks that contain intergranular evaporites of very low permeability. The unit is about 300 feet thick in southeast Hillsborough County. The Lower Floridan aquifer is made up of carbonate rocks of Eocene age and has low to very low permeability in the study area. Both the middle confining unit and the Lower Floridan aquifer contain saline water and are not used as a source of water for irrigation, industrial use, or public supply.
DATA COLLECTION
A reconnaissance of the Big Four mine test area to locate premining monitoring sites began in April 1982 and network installation began in May 1982. Two biological transects that were previously established by Biological Research Associates (1982) were reactivated. After the monitoring network at the Big Four mine was established, the search for a nearby control site was initiated. Several small tributaries to the Alafia River were examined but were eliminated from consideration because mining scheduled within 2 to 4 years would destroy or disturb the sites. The nearest suitable unmined control site was a small, unnamed tributary to the Little Manatee River at the Lonesome mine, about 5 miles southwest of the test site. Installation of a monitoring network at the control basin was started in September 1983.
Big Four Mine Test Site
The primary data-collection network at the Big Four mine test site consisted of a stream gage, a rain gage, two continuous-recording observation wells (MM3, deep; and MM1, shallow), seven shallow wells (MS1-MS4, MM2, MM4, and MM6) and one deep nonrecording observation well (MM5), two core-sample sites, six soil-sample sites, a stage-recording site in the wetlands, and three botantical transects ( fig. 3 ). Benthic invertebrates were collected at the stream gage on transect B.
Rainfall
A continuous-recording rain gage was established at the top of a 30-foot berm at the upstream (western) edge of the drainage basin on May 27,1982. Rainfall for the period June 1982 through July 1986 is shown in table 2 and figure 4. Annual rainfall for 1982 was 33.76 inches; for 1983, 58.19 inches; and for 1984, 37.76 
Streamflow
The initial reconnaissance of the Big Four mine test site indicated that, under most flow conditions, the stream generally occupied more than one channel. A gaging site was located near transect A where flow was generally confined to one channel, and a gage was established at that site on May 27, 1982 ( fig. 3) . A second gage was established just downstream of transect B on August 16, 1982 , and the two gages were operated concurrently until sufficient data were available to develop a correlation between the flows at both sites. Streamflow measurements were discontinued at gage B when mining operations began in September 1983.
The site was reactivated when the berm around the wetlands was completed in January 1984. The gage stilling well was deepened following mining to monitor groundwater levels in the wetlands as well as stage during flow events. No flow occurred at the site until after the 16 acres of wetlands that were mined were regraded; the first flow following reclamation occurred on September 1, 1985, as a result of 3.65 inches of rainfall from Hurricane Elena. Streamflows for the periods August 1982 through September 1983 and January 1984 through September 1986 are shown in table 3.
Ground-Water Levels
A network of eight shallow wells (MS1-MS4, MM1, MM2, MM4, and MM5, depths less than 30 feet) and two deep wells (MM3 and MM6, depths greater than 50 feet) was established on June 4, 1982, to monitor depth to water and changes in water levels in the surficial and intermediate aquifer systems (fig. 3) . During dry periods, water levels ranged from 1.5 to 6.9 feet below land surface, and during the wet summer months, water levels ranged from at or near land surface to 4.1 feet below land surface. Water levels were monitored continuously in wells MM1 and MM3 in the surficial and intermediate aquifer systems, respectively, at transect A. These data and periodic water-level measurements made at the surficial and intermediate aquifer system wells MM4 and MM6 at transect C showed that their water levels were approximately the same and closely paralleled each other during changes in levels. These data indicate that the confining bed that separates the two aquifers may be discontinuous or is breached in the study area. Figures 5 and 6 All wells were destroyed during mining except MM4, MM5, and MM6 near transect C. Five wells in the surficial aquifer system, MS5, MS6, MS7, MS8, and MS9 ( fig. 7) , were installed in July 1985 following regrading of the 16 acres that were formerly wetlands. Periodic water-level measurements for selected wells at the test site for premining and postmining conditions are given in table 4.
were sampled following mining in 1984, 1985, and 1986 . Percentage of coverages were measured with a coarse grid or estimated. Results are presented in tables 9 and 10. Benthic invertebrate samples were collected using a dip net sampler in the stream at the three transects in January and June 1983. Results of the benthic invertebrate dip-net survey are presented in table 11.
Lithologic Data
Two continuous cores were collected at the north end of transects A and C ( fig. 3) . Core number 1 near transect A was 49 feet deep and core number 2 near transect C was 55 feet deep. Lithologic descriptions of these cores are given in tables 5 and 6.
Soils
The upland soils adjacent to the wetlands generally consist of Ona fine sand and Pomello fine sand, and the wetlands soils consist of very fine alluvium and Rutlege soil (W.M. Saalman, U.S. Soil Conservation Service, written commun., 1983). Soil samples were collected from the north end of transects A, B, and C. A total of 13 samples was collected from six points at various depths up to 4 feet so that all major soil horizons at the site were sampled. Samples were analyzed by a private laboratory, generally using methods set forth by Jackson (1975) . A summary of the soils analyses and the major chemical constituents and physical properties of the 13 samples are presented in table 7.
Water Quality
Water samples from the stream at transect B and ground-water samples from shallow wells MM2 and MM6 were collected for analysis on November 17, 1982, and September 23,1983 , to define premining water quality. Samples also were collected after mining at well MS8 on August 28,1985, and site B on August 25,1986. Results of the analyses are presented in table 8.
Biology
Floral and benthic invertebrate sampling was conducted at transects A, B, and C ( fig. 3) . Transects A and B had previously been sampled by Biological Research Associates (1982) . Their floral sampling quadrats, 2 square meters in size, were sampled or visually checked at transects A and B in January and June 1983, and new data were collected visually from transect C in January 1983. Transects B and C
Lonesome Mine Control Site
The control basin is at the Lonesome mine, approximately 5 miles southwest of the test basin ( fig. 2) . The control basin monitor network, consisting of a stream gage and nine surficial aquifer wells, was established between July 1983 and January 1984. A botanical transect with four quadrats and three benthic invertebrate sampling sites was established in April 1984. The drainage area of the control basin is larger than the test basin, but the areas of hydric vegetation and hardwood forest are less than the test basin (10 acres versus 26 acres). Locations of the hydrologic and biologic monitoring sites are shown in figure 8.
Streamflow
Continuous gage heights and periodic discharge measurements were made on the unnamed tributary to the Little Manatee River. Daily discharge for the period of record, July 1983 through September 1986, is given in table 12. There is no flow at the gage for several weeks during the dry season each year. Maximum instantaneous discharge for the period of record was 38 ft3/s on September 1,1985.
Ground-Water Levels
The network of nine shallow wells (ranging in depth from 7 to 9 feet) was established in January 1984. During dry periods, water levels in the surficial aquifer generally ranged from 3 to 4 feet below land surface ( fig. 9 ). The maximum depth below land surface of 4.5 feet was observed on May 31, 1985, at well CO-3 ( fig. 9 ). Observed water levels for the period January 1984 through October 1986 are shown in table 13. During wet periods, water levels range from at or near land surface to 0.5 foot below land surface. These levels are similar to levels observed at the test site.
Water Quality
Samples for water-quality analysis of the unnamed tributary at the control site were collected on September 23, 1983. Results of the analyses are given in table 14. Sand, fine quartz, tan to gray; with fine phosphate grains; some clay; fine to gravelly black phosphate grains at 36 feet.
No data.
Clay, light gray to light green and rust colored; 2 to 3 percent fine to very fine quartz grains, grading to light gray with greater than 5 percent fine, to medium quartz grains with some large mature quartz grains about 43 to 44.5 feet; grading into limestone at 44.5 feet.
Limestone, cream, friable; greater than 5 percent fine to very fine mature quartz grains, no fossils.
Same as above; 5 percent quartz with some large grains. No data.
Sand, fine quartz, gray.
Sand; some clay.
Gay, sandy, mottled rust and tan colored; with some small phosphate grains.
Sand, fine quartz; some clay, loosely consolidated, light tan. Sand, fine to very fine quartz, poorly sorted, loosely consolidated, gray; fine to very fine to large quartz grains grading to gravel size with depth to about 28 feet; some phosphate grains; clay and some carbonates in matrix from 28 to 31 feet, grading into limestone at 31.5 feet.
Limestone, cream, friable and loosely consolidated; fine to very fine quartz; black phosphate grains; becoming more consolidated with depth.
Sand and calcareous clay, light gray to cream; fine to very fine quartz; phosphate grains with some large gravel size black phosphate at 36 to 37.5 feet.
Same as 31.5-to 33.5-foot description.
Limestone, soft, white cream; 10 percent fine to very fine quartz and black phosphate grains; some small pelecypod molds.
Same as above, tan; some clay, no observable fossils or molds. Table 8 . Water-quality data from selected wells and a stream at Big Four mine Continued 9-23-83
Constituents and physical properties
Data Collection 21 Table 8 . Water-quality data from selected wells and a stream at Big Four mine Continued 
Aluminum, dissolved (ug/L as Al) Gross beta, dissolved (pCi/LasCS-137) Gross beta, suspended, total (pCi/L as CS-137) Radium 226, dissolved, radon method (pCi/L) Uranium, natural, dis- solved (ug/L as U) Phenols, total (ug/L) Solids, residue at 180°C , dissolved (mg/L) Solids, dissolved (tons per day) Phosphorus, ortho, total (mg/L as P) Acidity (mg/L as H) Iodide, dissolved (mg/L as I) Bromide, dissolved (mg/L as Br) Mercury, dissolved (ug/L as Hg) Uranium, dissolved, extraction (Mg/L) Gross alpha, dissolved
Biology
A transect with biological sampling quadrats, 1 meter square ( fig. 8) , was established at the control site in April 1984. The quadrats were resurveyed in June 1984 , January and July 1985 , and January, July, and October 1986 . Flora data are given in .00 Figure 9. Water levels at wells CO-3 and C-4 at the control basin, Lonesome mine. 
